® 


J 


Europalsches Patentamt 
European Patent Office 
Office europ^en des brevets 


© Publication number: 


I 


0 412 715 A1 


® 


EUROPEAN PATENT APPLICATION 


® Application number 90308459.8 
@ Date of filing: 31.07.90 


® Int. Cl.»: F16L 59/08, F16L 59/04, 
F16L 59/06 


® Priority: 09.0a89 QB 8918218 

® Applicant: The BOG Group pic 

Chertsey Road 

@ Date of publication of application: 

Windlesham Surrey GU20 6HJ(GB) 

13.02.91 Bulletin 91/07 

® Inventor: Garrett, Michael Ernest 


@ Designated Contracting States: 

92 York Road 

BE DE GB NL 

Woking, Surrey(GB) 


0 Representative: Wickham. Michael et al 


c/o Patent and Trademark Department The 


BOG Group pic Chertsey Road 


Windlesham Surrey GU20 6HJ(QB) 


ID 
CM 

5 


@ Thermal insulation. 

© A pipeline (2) has an inner surface (4) which 
comes into contact with cryogenic fluid at a tem- 
perature of 70K. The outer surface (6) of the pipeline 
(2) carries a coating of foamed polyurethane having 
closed cells containing carbon dioxide. The pipeline 
(2) is located in an outer sleeve (10). The annular 
space (12) defined between the pipe (2) and the 
sleeve (10) is filled with perlite powder and Is able to 
be purged with dry nitrogen gas. 

In operation with the inner surface (4) of the 
pipelines (2) subjected to a temperature of 70K. the 
carbon dioxide in the cells of the polyurethane solidi- 
fies creating a vacuum therein. This increases the 
temperature difference across the polyurethane coat- 
ing and enables the perlite powder to be rriaintained 
at a temperature above 77K so that the nitrogen 
purgant does not condense. A relatively simple alter- 
native to conventional vacuum insulation is thereby 
provided. 
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THERMAL INSULATION 


This invention relates to thermal Insulation. In 
particular, it relates to a thermally insulated appara- 
tus which operates at below the boiling point of 
liquid nitrogen (that is below 77K). 

With the discovery of complex metal oxides 
that are superconductors at relatively high tempera- 
tures compared with traditional superconducting 
materials, there has been renewed Interest in op- 
erating cryogenic refrigerators at about 70K. Al- 
though this temperature is not particularly difficult 
to achieve, being only a few degrees lower than 
that at which liquid nitrogen boils under a pressure 
of one atmosphere, it has hitherto made necessary 
the use of vacuum insulation to maintain a reason- 
able standard of thermal insulation about the cham- 
ber or other-vessel in which the superconductor 
operates. Whereas, for example, pipelines that con- 
duct liquid nitrogen from a storage vessel to a plant 
in which it is used, may be vacuum-insulated, in 
practice, alternative thermal insulation typically 
comprising a mineral powder such as perlite is 
used and is housed in a space defined between 
the pipeline and a sleeve surrounding the pipeline. 
Since air will condense on one side of the cold wall 
the other side of which is in contact with liquid 
nitrogen, thereby causing a hazard and also reduc- 
ing the effectiveness of insulation, it is conventional 
to purge the space in which the mineral powder 
insulant is housed with dry nitrogen. However, If 
the thermal insulation is Intended to maintain op- 
erating temperatures below that of liquid nitrogen, 
the technique of nitrogen purging the insulant 
space is not effective as the nitrogen will itself 
come Into contact witii the cold wall and will con- 
dense. 

UK Patent specification 1 425 614 discloses a 
cryogenic insulating sleeve for use in systems 
where fluids flow through transmission pipelines at 
cryogenic temperatures wherein the sleeve Is of 
the vacuum type, and comprises a periitic tubular 
core within a sealed envelope which envelope con- 
tains a condensable gas which fills the envelope at 
normal temperature and pressure conditions and 
which condenses a cryogenic temperature substan- 
tially to evacuate the envelope. This is an alter- 
native kind of thermal insulation for use in thermally 
insulating a cryogenic pipeline conducting liquefied 
natural gas. It does not address the problem of 
providing thermal insulation for apparatus at a tem- 
perature below 77K. 

It Is the aim of the present invention to provide 
thermally insulated apparatus capable of operating 
below 77K. say at 70IC 

According to the present invention there Is 
provided thermally-insulated apparatus including a 


wall one side of which is in contact with a medium 
at a temperature of less than 77K and the other 
side of which has adhering thereto a foamed ma- 
terial defining closed cells containing a substance 
s which is gaseous at normal ambient temperatures 
and solid at temperatures of 77K and less, said 
foamed material facing a space which contains 
thermal insulation and a nitrogen atmosphere. 

The invention also provides a method of ther- 
10 maily Insulating a wall which on one side is to be 
exposed to a medium at a temperature of less than 
77K, comprising the steps of coating tiie wall with a 
foamed material having closed cells containing a 
gas which is solid at temperatures of 77K and less, 
75 forming an enclosure containing thermal insulant 
about said wall subjecting the inner surface of said 
wall to a cryogenic medium whereby to reduce its 
temperature to below 77K. and purging the enclo- 
sure with dry nitrogen, whereby the cryogenic me- 

20 dium causes the gas within the cells of the foamed 
material to solidify thus creating a partial vacuum 
therein which is effective to prevent the outer sur- 
face of the foamed material reaching so low a 
temperature that the nitrogen purge gas condenses 

25 tiiereon. 

The tenm "gas* as used herein includes vapour 
within its scope. 

The foamed material is typically a foamed 
plastics such as polyurethane. The gas contained 

30 within the cells of the foamed material is preferably 
carbon dioxide which changes from tiie gaseous to 
the solid state at a temperature of about 195K 
without a liquid phase being present. Other gases 
tiian carbon dioxide may be used provided they 

35 exist in the solid phase at a temperature above 
70K. Water vapour may therefore be used instead 
of or in a mixture with carbon dioxide. 

The foamed material Is preferably provided in a 
layer that is at least PI 0.3 centimetres thick. Pref- 

40 erably. the thickness of the foamed layer Is In the 
range 0.3 to three centimetres. 

The thermal insulant Is preferably a mineral 
powder such as perlite. Perilte is a naturally occur- 
ring soliceous. volcanic rock which may be used as 

45 a thermal insulant in non-expanded or expanded 
form. 

The method and apparatus according to the 
invention but particularly with Uie use when the 
Inner surface of the wall is to be subjected to a 
50 minimum temperature of 70K, such conditions may 
occur in helium and hydrogen refrigerators and 
liquefiers. 

The method and apparatus according the 
present invention will now be described by way of 
example of reference to the accompanying drawing 
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which is a section through a pipeline which is 
thermally insulated in accordance with the inven- 
tion. 

Referring to the drawing, a pipeline 2 is of 
circular cross-section having an inner surface 4 
which in operation is intended to come into contact 
with cryogenic fluid (for example gaseous helium) 
at a temperature of 70K. The pipe is formed of a 
suitable steel which stays ductile at a temperature 
of 70K (for example stainless steel). The pipe 2 has 
an outer surface 6 which carries a coating of 
foamed polyurethane 8. The polyurethane coating 
8 has a thickness of 2.5 cm. It contains closed cells 
which at ambient temperature are filled with carbon 
dioxide gas. The pipe 2 is located in an outer 
sleeve 10. The annular space between the inner 
surface of the sleeve 10 and the coated outer 
surface 6 of the pipe 2 is filled with a mineral 
insulant powder such as periite. The sleeve 10 is 
provided with an inlet and an outlet (not shown) 
whereby the per (ite-fi lied space may be intermit- 
tently or continuously purged with dry nitrogen gas. 

In order to form the apparatus shown in the 
drawing the pipe is first coated with the polyure- 
thane using carbon-dioxide as a blowing gas. A 
conventional spray gun may be used for this pur- 
pose. The polyurethane adheres to the outer sur- 
face of the pipe 2 and forms a foamed cellular 
coating having closed pores containing carbon 
dioxide gas. The sleeve 10 is then fitted around the 
pipe 2 and the annular space therebetween filled 
with the periite insulant. The annular space is then 
purged with nitrogen to flush air therefrom. If de- 
sired, once the air has been purged from the 
annular space, the flow of nitrogen may be contin- 
ued or alternatively can be stopped and then the 
space purged only intermittently with nitrogen. The 
pipeline may then be brought into service. One use 
for the pipeline Is to transmit helium at a tempera- 
ture of 70K from a source thereof to a chamber 
which needs to be maintained at 70K for supercon- 
ductors located therein to function properly. As the 
helium flows along pipeline 2 so the temperature of 
the carbon dioxide in the pores of the foamed 
polyurethane falls. At about 190K the carbon diox- 
ide condenses to form a solid. Consequently, the 
pressure within the individual cold pores is much 
reduced as a result of the reduction in the volume 
occupied by the carbon dioxide upon its solidifica- 
tion. The pressure tends to fall further with de- 
creasing temperature. Accordingly, a vacuum-in- 
sulated foam is created close to the cold wail of the 
pipe 2. Consequently, the heat leak through this 
foam is by conduction through the plastics material 
itself and is therefore quite low. This has the effect 
of raising the temperature of the outer surface of 
the foam to be above the nitrogen condensation 
point of 77K, thereby enabling the conventional 


periite thermal insulant (or other thermally insulat- 
ing material) to be employed in the remaining 
insulating space. 

Although the material of the foam is organic, it 

5 will not create a fire or explosion hazard because 
the only gas in contact with it is nitrogen which is 
itself inert. In the event of the foam cracking or 
failing, nitrogen will condense with loss of insulating 
properties but no further problems. If desired, after 

70 a chosen time in service, the pipeline may be 
taken out of service, the polyurethane coating re- 
moved and a new coating applied. The duration of 
service can be chosen so as to enable a new 
coating to be applied before the old one falls. 

;5 The method of apparatus according to the in- 

vention make possible an effective and efficient 
insulation at temperatures in the order of 70K with- 
out the need for conventional vacuum insulation. 

Claims 

1. Thermally-insulated apparatus including a wall 
one side of which is in contact with a medium at a 

25 temperature of less than 77K and the other side of 
which has adhering thereto foamed material defin- 
ing closed cells containing a sut>stance which is 
gaseous at normal ambient temperatures and solid 
at temperatures of 77K and less, said foamed ma- 

30 terial facing a space which contains thermal insula- 
tion and a nitrogen atmosphere. 

2. Apparatus as claimed in claim 1, in which the 
foamed material is a foamed plastics. 

3. Apparatus as claimed In claim 1 or claim 2, in 
35 which the gas contained within the ceils of the 

foamed material is carbon dioxide. 

4. Apparatus as claimed In any one of the preced- 
ing claims, in which the foamed material is in a 
layer that is at least 0.3 centimetres thick. 

40 5. Apparatus as claimed in any one of the preced- 
ing claims, in which the thermal insulant is a min- 
eral powder. 

6. A method of thermally insulating a wall which on 
one side is to be exposed to a medium at a 
45 temperature of less than 77K. comprising the steps 
of coating the wail with a foamed material having 
closed cells containing a gas which is solid at 
temperatures of 77K as less, forming an enclosure 
containing thermal insulant about said wall, subject- 
so ing the inner surface of said wall to cryogenic 
medium whereby to reduce Its temperature to be- 
low 77K. and purging the enclosure with dry nitro- 
gen, whereby the cryogenic medium causes the 
gas within the cells of the foamed material to 
55 solidify thus creating a partial vacuum therein 
which Is effective to prevent the outer surface of 
the foamed material reaching so low a temperature 
that the nitrogen purge gas condenses thereon. 
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7. A method as claimed in claim 6. in which the 
foamed material is a foamed plastics. 

8. A method as claimed in claim 6 or claim 7. in 
which the gas contained within the cells of the 
foamed materiaJ is carlx3n dioxide. 5 

9. A method as claimed in claim 8, In which the 
thickness of the foamed layer Is in the range 0.3 to 
3 centimetres. 

10. A method as claimed in any one of claims 6 to 

9, in which the thermal Insulant is a mineral pow- io 
der. 
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